Antibodies and reagents -Monoclonal antibodies against p110 were used as previously described (Hirsch et al., 2000) . A new mouse monoclonal antibody against p110 was produced, purified and used for immunoprecipitation. Briefly, a 630 bp fragment encoding amino acids 1-210 of p110 was cloned into the EcoRI/XhoI-digested bacterial expression vector pGEX 5X-1 (Amersham Bioscience, Buckinghamshire, UK) and expressed in Escherichia coli Top F10 cells. The fusion protein was purified from bacterial lysates by affinity chromatography using a glutathione-Sepharose matrix and used as immunogen to generate N-term-p110-GST mouse monoclonal antibody with standard procedures (Harlow and Lane, 1988) . Rabbit polyclonal antibodies against PDE3B were a kind gift from J.A. Beavo (University of Washington, Seattle, WA). Rabbit anti p84/87 absorbed serum, goat anti p84/87 antisera and rabbit anti p101 serum were kindly provided by M.P. Wymann
2 Forskolin (FSK), H89, PKI and Alprenolol were purchased from Sigma-Aldrich (Saint Louis, MO); 125 Ilabeled cyanopindolol was purchased from Amersham Bioscience (Buckinghamshire, UK); PKIMyristoylated (PKI-Myr) was purchased from Calbiochem (Darmstadt, Germany).
Constructs -p110-pcDNA3, p110-Myc-pcDNA3, p110-KD-pcDNA3 and p110 deletion fragments p110-Myc 114-280-pcDNA3 (lacking amino acids 114-280), p110-Myc RBD-pcDNA3 (lacking amino acids 220-331), p110-Myc PIK-pcDNA3 (lacking amino acids 541-736) were kindly provided by R. Wetzker (Friedrich Schiller University, Jena, Germany). p101-HA-pcDNA3, p84/87-HA-pcDNA3
110-HA-pcDNA3, p110-HA-pcDNA3 and p85-pcDNA3 were kindly provided by M.P. Wymann p110 K126A,R130A, p110 S400A, p110 T1024A and p110 T1024D mutants were generated using the Quickchange Lightning Kit (Stratagene, La Jolla, CA), according to the manufacturer's protocol. The mutations were confirmed by DNA sequencing (BMR-Genomics, Padova, Italy). For transient expression, HEK293T cells plated at low density were transfected with the indicated plasmids with calcium phosphate or jetPEI (PolyPlus-transfection, Illkirch, France). 24 or 48 hours after transfection cells were washed with phosphate-buffered saline (PBS) and lysed as described below.
Cell stimulation -Cell medium was replaced with a serum-depleted medium 16 hours prior to the stimulation. Cells were stimulated with 20-50 µM forskolin (FSK) for the indicated time points and lysed as described below. 1-5 M PKI-Myr or 5-10 M H89 were used on cells, before and together with forskolin when indicated.
Hearts and cell lysis, protein immunoprecipitation and western blotting -Hearts were rapidly removed, frozen, pestled in liquid nitrogen and homogenized in 120 mM NaCl, 50 mM Tris-HCl (pH 8.0), 1% was synthesized using 1 μg of total RNA per sample with M-MLV reverse transcriptase (Promega).
Subsequently, qRT-PCR was performed using TaqMan chemistry on an Applied Biosystems ABI 7300 instrument. Primers and probes were designed according to the Universal Probe Library system (Roche).
Gene expression levels were analyzed using the 2 -ΔΔCt relative quantification method, using 18S as the endogenous control.
PDE assay -PDE activity in immunoprecipitates was measured according to the two-step method as previously described (Patrucco et al., 2004; Thompson and Appleman, 1971) Binding assays of immobilized 50 nM GST fusion proteins with 100 nM free PKA RII-6-His were performed in binding buffer (50 mM Tris-HCl pH 7.4, 20 mM NaCl, 0.05% Triton X-100). The reactions 6 were incubated for 30 min at room temperature with shaking and the beads were washed four times with binding buffer. Proteins associated to the beads were eluted by treating the beads for 5 min at 95°C in 2x
Laemmli sample buffer and subjected to SDS-PAGE.
RII overlay assay -Immunoprecipitated proteins were separated by SDS-PAGE and electrotransferred to nitrocellulose. The membrane was incubated over-night with recombinant murine RIIα phosphorylated by the catalytic subunit of PKA using  32 P-ATP (Bregman et al., 1989; Coghlan et al., 1994; Lohmann et al., 1984; Scott et al., 1990) and with 50 M of either AKAP-IS or AKAP-IS scrambled peptide (Alto et al., 2003) .
Surface Plasmon Resonance -Surface plasmon resonance (SPR) was performed with a Biacore 2000
instrument (Biacore AB, Uppsala, Sweden). Recombinant p110-GST was immobilized onto CM5 Sensor Chips (Biacore AB, Uppsala, Sweden) by amine group coupling as indicated by manufacturer instructions (Biacore amine coupling kit). PKA RII-6-His was used as soluble analyte and injected at different concentrations. All analytes were dissolved in running buffer and binding experiments were performed at 25°C in running buffer with a flow rate of 5 l/min. All the binding curves were corrected for the signal of GST alone coupled to the matrix and analyzed using the Langmuir model.
Peptide array -Peptides arrays of p110 on cellulose were generated and probed as previously described (Baillie et al., 2007; Bolger et al., 2006) . Briefly, scanning libraries of overlapping 25-mer peptides covering the entire sequence of p110 were produced by automatic SPOT synthesis and synthesized on continuous cellulose membrane supports on Whatman 50 cellulose using Fmoc (9-fluorenylmethyloxycarbonyl) chemistry with the AutoSpot-Robot ASS 222 (Intavis Bioanalytical Instruments). The interaction of PKA RII-6-His with the p110 array was investigated by overlaying membranes with 10 g/ml PKA RII-6-His. Bound protein was detected with specific anti-His antibody 7 and a secondary anti-rabbit antibody coupled with horseradish peroxidase. Once the binding site of PKA-RII on the full-length p110 array was determined, specific double alanine scanning substitution arrays were generated for selected peptides using the same synthesis procedure. The same protocol was used to identify the minimal region essential for the binding. For that purpose, the peptide of interest was truncated both to the N-terminus and to the C-terminus.
Phosphorylation of peptide array was performed on a membrane activated in 100% ethanol. Briefly, the membrane was incubated for 1 hour at room temperature in phosphorylation buffer (20 mM Hepes, pH7.4, 100 mM NaCl, 5 mM MgCl 2 , 1mM DTT, 0.2 mg/ml BSA) and then at 4°C overnight in blocking buffer (Phosphorylation buffer + 0.2 mg/ml BSA 100 M ATP). The next day, the array was incubated for 1 hour at 37°C with or without PKA (1g/ml) in phosphorylation buffer containing 100 M ATP (or 50M and 10Ci -32 P-ATP). PKA phosphorylation was then assayed with the phospho Ser/Thr PKA substrate antibody or by autoradiography. PIP3 -PIP3 was extracted from 5*10 6 transfected HEK-293T cells upon stimulation with indicated drugs or total hearts (20 mg of powder) and PIP3 measurement was carried out using an ELISA competitive kit (K-2500s, Echelon, Salt Lake City, UT ), following the manufacturer's instructions.
Peptide competition assay -

Acute isoproterenol treatment -Freshly prepared aqueous solution (PBS) of isoproterenol (1.25 mg/kg;
Sigma-Aldrich, Saint Louis, MO) was administered intraperitoneally in isoflurane anesthetized mice.
Hearts were rapidly excised after the indicated time points, washed in PBS and frozen in liquid nitrogen.
Control unstimulated hearts were derived from mice injected with saline solution only.
Langendorff -Mouse hearts were rapidly excised under isoflurane anaesthesia (1.5% isoflurane, 66% nitrous oxide and 33% oxygen), the aorta cannulated and retrogradely perfused with oxygenated (5% CO 2 , 95% O 2 ) Tyrode solution (5 mM Hepes, 154 mM NaCl, 4 mM KCl, 2 mM CaCl 2 , 1 mM MgCl 2 , 5.5 mM D-glucose, pH 7.35) at a constant flow rate (4 ± 0.5 ml·min -1
). The temperature of the heart was maintained at 37 °C through water-jacketed heating. Hearts were exposed to 10 min stabilization prior to 5 min treatment with 13.4 M isoproterenol (Sigma-Aldrich, Saint Louis, MO). 10 M H89 was perfused for 5 min before and simultaneously with 13.4 M isoproterenol when indicated.
Adult rat cardiomyocyte culture -Adult Rat Ventricolar Myocytes (ARVMs) were obtained from young adult (4-6 months) rats by enzymatic dissociation, as previously described (Cerra et al., 2008) . Upon isolation, ARVMs were immediately stimulated for 3 min with 1 M isoproterenol with or without preincubation with 1 M PKI-Myr for 5 min. Untreated myocytes were used as a control. Cells were washed once with cold PBS and lysed with the same lysis buffer described above.
Mouse adult cardiomyocytes -Cardiomyocytes were collected from adult mice euthanized by injection of sodium pentobarbital. The heart was removed rapidly and placed in ice cold digestion buffer, pH 7.4 (130 mM NaCl, 5m M KCl, 3 nM pyruvic acid, 25 mM Hepes, 0.5 mM MgCl 2 , 0.33 mM NaH 2 PO 4 , 22 mM dextrose, 5 mM taurine, 10 mM 2,3-Butanedione monoxime) with 100 M EGTA. The heart was then attached to a perfusion pipette via the aorta and perfused with digestion buffer with 1mg protease, 25 mg
Collagenase and 50 M CaCl 2 for 10 minutes. The ventricle was then isolated, cut into small pieces and placed in digestion buffer with 0.5 mg protease, 15 mg collagenase, 125 mg BSA and 100 M CaCl 2 . A monocytic mixture was made by mechanical agitation of the tissue. Undigested tissue was then allowed to float to the top of the solution and removed, remaining cells were pelleted by gravity over a 15 minute period. Pellet was then washed and re-suspended in media and allowed to adhere to poly-d-lysine/laminin coated coverslips for 1 hour.
Immunofluorescence -Adherent mouse adult cardiomyocytes were fixed by submersion in ice cold methanol with 2% paraformaldehyde for 5 minutes. Following fixation, coverslips were rinsed three times with PBS, permeabilized with PBS-T (0.1% Triton X-100) and blocked for 30 minutes in 3% BSA. Cells were incubated overnight at 4°C in primary antibody and in secondary for two hours at room temperature.
Coverslips were mounted in ProLong Gold anti-fade reagent (Invitrogen Corporation, Carlsbad, CA).
Primary antibodies used in this study include the mouse monoclonal anti-RII antibody (1:200), affinity purified rabbit anti-PDE3B (1:200) and goat anti-p110 (1:150). Primary antibodies were visualized using 488, 563 and 647 Alexa Fluor-conjugated secondary antibodies (1:500). Zeiss 510 Meta confocal microscope equipped with 488, 543 and 633 laser lines was used to acquire images.
Human cardiac biopsies and immunohistochemistry -Cardiac biopsies of patients with severe pressure overload due to isolated aortic stenosis, and five controls were included. The patients with aortic stenosis underwent surgical aortic valve replacement. Five patients undergoing off-pump coronary artery bypass graft surgery (CABG) with normal ejection fraction, diastolic function, and without unstable angina, previous history of myocardial infarction, or LV hypertrophy at echocardiography or ECG measurements served as controls. Transmural true-cut needle biopsies, each weighing 1 to 2 mg, were taken from the anterior LV at close proximity between the left descending coronary artery and the circumflex coronary artery (Heymans et al., 2005) . For immunohistochemical examination, hearts were cut transversely, fixed in 4% buffered paraformaldehyde and embedded in paraffin. To study ventricular morphology, hearts were histochemically stained with hematoxylin and eosin. The cardiomyocyte cell surface area was measured as the mean of >50 cross sectioned cardiomyocytes across the left ventricular wall. A primary antibody against p110 (Hirsch et al., 2000) was used for immunostaining on 4 µm thick paraffin sections. Relative surface area of p110 immunoreactivity was expressed as percentage immunoreactive area divided by total area (Heymans et al., 2005) .
Transverse aortic constriction and AS605240 treatment -In vivo pressure overload was imposed on the left ventricle by surgical banding of the transverse aorta, as previously described (Patrucco et al., 2004) . previously described (Ciccarelli et al., 2008) . Reactions were conducted in 100 l of binding buffer at 37°C for 1 h and then terminated by vacuum filtration through glass-fiber filters. After extensive ice-cold washing (50 mM Tris buffer), bound radioactivity remaining on the filters was assessed on a gamma counter (Perkin Emler, Waltham, MA). All assays were performed in triplicate, and receptor density (in femtomoles) was normalized to milligrams of membrane protein.
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When indicated, wild-type were injected i.p. daily for three days with either 50 mg/kg AS605240 (SigmaAldrich, Saint Louis, MO; dissolved in 0.5% carbossimethilcellulose and 0.25% Tween 20) or vehicle alone.
Mice -p110 knock-out (Hirsch et al., 2000) , p110 kinase-dead (Patrucco et al., 2004 ) and p110 kinase-dead (Ciraolo et al., 2008) are all in a C57Bl/6J background. C57Bl/6J wild-type mice were used as controls. Mice were group-housed, provided free-access to standard chow and water in a controlled facility providing a 12 hour light/dark cycle and were used according to institutional animal welfare guidelines and legislation, approved by the local Animal Ethics Committee.
Data and Statistical Analyses -Prism software (GraphPad) was used for statistical analysis. All data were expressed as mean ± standard error of the mean (SEM). P values were calculated by using Student t test, and one-way ANOVA test followed by Bonferroni's post hoc analysis when appropriate. P < 0.05 was considered significant ( * ), P < 0.01 was considered very significant ( 
